The freshwater prawn Macrobrachium lanchesteri is one of the most economically important and widely distributed species in Northeastern Thailand. However, few studies have investigated the genetic variation of these crustaceans. Water quality, morphometrics and genetic variation were determined for 1,219 individuals of M. lanchesteri from 11 provinces in Northeastern Thailand. Water quality analysis showed water temperature, pH, water hardness and dissolved oxygen as 25 to 33ºC, 6 to 9, 64 to 101 ml l -1 and 4 to7.5 ml l -1 respectively. Water quality indicated that aquatic animals could live. Morphological characters showed total length as 1.5to 4.5 cm with M. lanchesteri mean length of females higher than males in all 11 provinces. M. lanchesteri from Nong Khai presented the largest size with Buri Ram mostly comprising the smallest. Genetic variation was determined using the PCR-RFLP technique with five restriction enzymes as Dde I, Alu I, Hinf I, Bgl II and Hae III. Results showed one composite haplotype when samples were digested with Dde I, Alu I, Hinf I, Bgl II and Hae III respectively as AAAAA. A total of 9 haplotypes were detected. Nucleotide sequencing analysis found low genetic variation in populations of M. lanchesteri in Northeastern Thailand ranged from 0 to 0.035. Phylogenetic tree (UPGMA) construction determined that the M. lanchesteri population constituted two clades which all populations closely related apart from one separate population. This study can be used as a guideline for selection of commercial cultures by shrimp breeders and may also be useful for shrimp conservation.
INTRODUCTION
Freshwater prawns of the genus Macrobrachium (Bate, 1868) are decapod crustaceans belonging to the family Palaemonidae. They are distributed throughout the tropics and subtropics on all continents except Europe (Holthuis, 1980) . There are 240 species of freshwater prawns belonging to the genus Macrobrachium recorded in the world ) and 19 species are found in Thailand. The most economically important species for Thailand include M. dienbienphuense (Dang & Nhuyen, 1972) , M. niphanae (Shokita & Takeda, 1989) , M. lanchesteri (De Man, 1911) , M. sintangense (De Man, 1898) and M. rosenbergii decqueti (Sunier, 1925) (Uraiwan & Sodsuk, 2004) . M. lanchesteri is small freshwater shrimp. Specimens are translucent and the distinctive feature is a straight rostrum (Samuel et al., 1988) . M. lanchesteri is found in almost all types of freshwater habitats including lakes, rivers, swamps and ponds (Jongyotha, 2004) . This species is widely distributed in Asia occurring in Thailand, Malaysia, Singapore, Laos and Brunei (De Grave et al., 2013) . M. lanchesteri is one of five important economic species in Thailand, as well as in many Southeast Asian countries. In Northeastern Thailand, M. lanchesteri is an important economic resource for local people in rural areas (Uraiwan & Sodsuk, 2004) . It is eaten as native food and used for cooking and processing in many forms such as shrimp paste, crispy shrimp, koi kung and kung jom which is a local delicacy in Northeastern Thailand and generates income of about 240,000 baht/year (Rottanapradap, 2013) . Furthermore, M. lanchesteri plays an important role in the food chain ecosystem with aquatic economic value (Thongmee, 2012) .
Currently, most shrimp are derived from natural water sources and shrimp farming is not widespread and this causes a shortage of shrimp. Shrimp aquaculture requires the initial selection of breeders and use of external morphology only may cause discrepancies. Pollution in rivers has recently increased due to wastewater from manufacturing processes and wide geographical distribution. These changes may affect shrimp genetics. Therefore, DNA fingerprinting was investigated to study genetic variation.
Morphometrical methods were first introduced to study diversity. Morphometry is the process of measuring the external shape and dimensions of organisms and analysed by statistics (Daly, 1985) . Later, various molecular biological techniques were used to study diversity. Molecular markers are a realistic and useful tool for the investigation of genetic A c c e p t e d M a n u s c r i p t conditions both in native populations and in captive lots (Alam & Islam, 2005) . Use of polymerase chain reaction (PCR) in combination with restricted fragment length polymorphism (RFLP) (Thaewnon-ngiw, 2004) has been favoured for identifying species origins of shrimp products as both methods are convenient and cost effective. PCR-RFLP consists of amplification of DNA fragments followed by restriction enzyme treatment and electrophoretic separation.
Morphometrical research and genetic variation have been previously conducted on M. lanchesteri but scant data exist for Thai species, with no genetic information available for the M. lanchesteri population in Northeastern Thailand. Hence, the purpose of this study was to determine the morphometrics and genetic variation of M. lanchesteri in Northeastern Thailand by PCR-RFLP and sequencing techniques to confirm identification as useful information for selection of breeders in commercial cultures and promote species conservation.
MATERIALS AND METHODS

Sample collection and species identification
M. lanchesteri specimens were collected from 11 locations of natural water sources in Northeastern Thailand ( Figure 1 and Table 1 ) between June 2016 and September 2017. All adult samples were collected using a shrimp trap. Specimens were preserved in 95% ethanol and stored at -20°C until used for DNA extraction. Specimens were identification according to (Holthuis, 1950; Leelawathanagoon, 1975; Chace & Bruce, 1993; Cai & Dai, 1999; Uraiwa & Sodsuk, 2004; Jivaluk & Suppakitratanakul, n.d,) .
M a n u s c r i p t 
Water quality analysis
Water samples were collected from water sources in Northeastern Thailand. Sampling was conducted between 8 a.m. and 5 p.m. based on weather conditions (OECD,1982) . Where only surface water was collected at each location. All sample bottles were stored in clean and dry plastic bottles with labeled, handled and transported following the developed protocols. Parameters of water quality analysis included color, pH, temperature, total hardness and dissolved oxygen. The experimental following APHA (1989).
Morphometric analysis
A total of 1,100 samples (100 specimens/population as 50 males and 50 females) of M. lanchesteri were collected from 11 samples locations in Northeastern Thailand. Morphometric analyses were conducted for sex and five morphometric measurements including total length, carapace length, standard length, abdomen length and telson length M a n u s c r i p t using calipers to the nearest 0.1 mm. Morphometric data were evaluated by one-way analysis of variance (ANOVA) of size for each population according to (Arshad et al., 2013; Sokal & Rohlf, 1995; Zar, 1996) 
DNA extraction, Polymerase chain reaction (PCR)
Genomic DNA was extracted from a piece of muscle tissue using a Phenol-Chloroform-Proteinase K method (Winnepenninckx, 1993) and stored at 4°C until required. DNA fragments (710 bp) of the mitochondrial cytochrome oxidase subunit I (COI) gene were amplified using primers LCO1490:5'-GGT CAA CAA ATC ATA AAG ATA TTG G-3' (Folmer et al., 1994) . PCR amplification was carried out in a 50 µl reaction volume containing 10x buffer, 1mM of each dNTP, 50 mM MgCl2, 0.5 µM of each primer and 1 unit of taq DNA Polymerase with DNA template and sterile water to a final volume of 50 µl. PCR was performed in a thermocycler (Omnigene, Hybrid) consisting of initial denaturation for 3 min at 94°C followed by 35 cycles of 1 min at 94°C, 1 min at 45°C, 1 min at 72°C and a final extension for 7 min at 72°C. PCR products were checked using 1% agarose gels electrophoresis.
PCR-RFLP and DNA sequencing
PCR products were used for restriction digestion analysis of five different restriction endonuclease enzymes: Dde I, Alu I, Hinf I, Bgl II and Hae III. The digestions were separated by electrophoresis in 2.0% agarose gels and photographed under a UV-transilluminator. DNA sequencing was performed at 1st BASE (Malaysia), using the same primers as in the PCR.
Restriction profiles of COI were constructed using NTSYSpc software version 2.11 (Rohlf, 2004) . All sequences were aligned using MegAlign, with checks and adjustments by eye using Bioedit v5.0.9 (Hall, 1999) . The sequences of the COI genes were concatenated in the following analysis. The haplotype were calculated for each population using Arlequin version 3.1 (Excoffier et al., 2005) . A phylogenetic tree of COI genes was constructed by the (unweighted pair group method with arithmetic mean) UPGMA method by MEGA (Tamura et al., 2011) The phylogenetic tree was measured by the bootstrap method with 1,000 replicate (Felsentein, 2005) .
RESULTS
Water quality
Water quality analyses were conducted at Chaiyaphum (CP), Nakhon Ratchasima (NR), Khon Kaen (KK), Maha Sarakham (MS), Roi Et (RE), Nong Bua Lam Phu (NB), Buri Ram (BR), Surin (SR), Loei (L), Si Sa Ket (SK) and Nong Khai (NK). In the current research the water temperatures ranged from 25 to 32°C, with a mean of 29.18 °C. Maximum temperature was found in Maha Sarakham (MS) and Si Sa Ket (SK) with minimum was found in Nakhon Ratchasima (NR), pH values ranged from 6 to 9, with a mean of 7. The maximum was found in Nakhon Ratchasima (NR) and the minimum was found in Khon Kaen (KK), Surin (SR) and Buri Ram (BR). Total hardness ranged from 66 to 101 ml l -1 , with a mean of 81.54 ml l -1 . The maximum was found in Loei (L) and the minimum was found in Maha Sarakham (MS). Dissolved oxygen ranged from 5-7.0 ml l -1 , with a mean 6.04 ml l -1 . The maximum was found in Nong Khai (NK) and the minimum was found in Chaiyaphum (CP) and Nakhon Ratchasima (NR) ( Table 2) 
Morphometric variation
Morphometric characters of M. lanchesteri for males among the five variables are shown as Mean±SD values and ranges in (Table 3) . Total length of the 550 individuals ranged from 1.40-4.30 cm with a mean of 2.79±0.71 cm. Standard length ranged from 1.20-3.00 cm with a mean of 2.11±0.40 cm. Carapace length ranged from 0.30-1.10 cm with a mean of 0.65±0.21 cm. Abdomen length ranged from 0.70-2.00 cm with a mean of 1.47±0.25 cm. Telson length ranged from 0.20-1.30 cm with a mean of 0.66±0.28 cm. The ANOVA showed that M. lanchesteri males from 11 locations differed significantly (p ≤ 0.05).
Morphometric characters of M. lanchesteri for females among the five variables are shown as Mean±SD values and ranges in (Table 4 ). Total length of the 550 individuals ranged from 1.50-4.50 cm with a mean of 2.90±0.70 cm. Standard length ranged from 1.40-3.50 cm with a mean of 2.20±0.41 cm. Carapace length ranged from 0.30-1.30 cm with a mean of 0.69±0.22 cm. Abdomen length ranged from 0.90-2.00 cm with a mean of 1.51±0.25 cm. Telson length ranged from 0.20-1.30 cm with a mean of 0.71 ±0.28 cm. The ANOVA showed that M. lanchesteri females from 11 locations differed significantly (p≤0.05).
A c c e p t e d M a n u s c r i p t Mean total lengths of the Nong Khai population were 3.50-4.30 cm and 3.50-4.50 cm for males and females respectively. Males the minimum and maximum total lengths were 3.50 cm and 4.30 cm and female the minimum and maximum total lengths were 3.50 cm and 4.50 (Table 5) . (Figure 3(A) ). The restriction pattern of Alu I had 3 fragments bands include 400, 350 and 300 bp (Figure 3(B) ).The restriction pattern of Hinf I had 3 fragments bands include 300, 290 and 150 bp (Figure 3(C) ).The restriction pattern of Bgl II had 1 fragments bands include 620 bp (Figure 3(D) ) and the restriction pattern of Hae III had 2 fragments bands include 490 and 180 bp (Figure 3(E) ). The COI gene amplified products digested with Dde I, Alu I, Hinf I, Bgl II and Hae III showed percentage of restriction patterns as 100 in M. lanchesteri which not difference in all M. lanchesteri samples but clear difference from the outgroup (Table 6 ).
In total two composite haplotypes of M. lanchesteri were found including AAAAA as 100% and composite haplotype of the out group (M. rosenbergii) as 100% (Table 7) . M a n u s c r i p t M a n u s c r i p t
Genetic variation DNA Sequencing
The BLAST results for these sequences showed 100% similarity with M. lanchesteri (GenBank accession number AF088854). The COI gene can all be amplified clearly in these M. lanchesteri. A 710 bp fragment of mitochondrial COI gene was amplified. A total of 11 variable sites were detected from 119 individuals in Northeastern Thailand. A total of 10 haplotypes were identified among 119 sequences. Of these, 9 haplotypes were unique haplotype in Buri Ram (BR), Chaiyaphum (CP), Nakhon Ratchasima (NR), Maha Sarakham (MS), Loei (L), Nong Khai (NK), Nong Bua Lam Phu (NB), Si Sa Ket (SK), Surin (SR) and 1 haplotype were share haplotype in Khon Kaen (KK) and Roi Et (RE). The genetic distance in each population ranged from 0 in Khon Kaen (KK) and Roi Et (RE) to 0.035 in Buri Ram (BR) and Chaiyaphum (CP), with a mean of 0.014 (Table 8) . Phylogenetic tree analyses were conducted with COI sequences for the population of M. lanchesteri from Northeastern Thailand. A dendrogram was obtained using the UPGMA (unweighted pair group method using arithmetic average) (Figure 4) . The M. lanchesteri population was divided into two clades. Clade I contained Khon Kaen (KK), Roi Et (RE), Chaiyaphum (CP), Maha Sarakham (MS), Nakhon Ratchasima (NR) and Nong Khai (NK). Populations of Khon Kaen (KK), Roi Et (RE) and Nakhon Ratchasima (NR), Nong Khai (NK) were more closely related to each other than to individuals from clade I with a bootstrap value of 74%. When comparing all populations within clade I, Khon Kaen (KK), Roi Et (RE) and Chaiyaphum (CP) were more closely related the Nong Khai (NK), Nakhon Ratchasima (NR) and Maha Sarakham (MS) populations with a bootstrap value of 96%. Clade II contained Buri Ram (BR), Nong Bua Lam Phu (NB), Loei (L), Si Sa Ket (SK) and Surin (SR). All populations were more closely related but the Buri Ram (BR) population separated from other populations with a bootstrap value of 76%. This study of M. rosenbergii was used as an out group for comparison. 
DISCUSSION
Water quality
Water quality was analysed at the 11 locations in Northeastern Thailand using 4 parameters. Water temperature ranged from 25 to 33°C, pH values ranged from 6 to 9, total hardness ranged from 64 to 101ml l -1 and dissolved oxygen ranged from 4 to 7.5 ml l -1 . The surface water quality standard defines water temperature range from 23 to 32°C, pH value range from 5 to 9, total hardness range from 20 to150 ml l -1 and dissolved oxygen not less than 3 ml l -1 (Academic papers, Inland fisheries research and development division). Water quality is an appropriate criterion for life in freshwater. Water sources found shrimp (M. lanchesteri) as a medium for good quality water source. If the water source is not clean, shrimp will not be found (Suvarnaraksha, 2016) . Kukusamude et al. (2006) analysed water quality index of Mun River water collected from ten areas in Northeastern Thailand as mostly of moderate water quality. Piraonapicha et al. (2013) analysed the diversity of benthic macroinvertebrates and conducted a water quality assessment at Wang Tao Thap Lan National Park, Khon Buri District, Nakhon Ratchasima Province. They found that the study water source had high dissolved oxygen with good water quality. Moonyotha and Sangkaew (2014) analysed water quality in Northeastern Thailand and found each water source at a fair level with similar
